We consider an extension of the electroweak standard model with three Higgs doublets transforming under the S 3 symmetry as a doublet and a singlet. Because of the S 3 symmetry and an appropriate vacuum alignment the mass matrices in all the scalar sectors have the same form and are diagonalized by the same matrix which is of the tribimaximal type. Moreover, independently of the fermion representations under S 3 , there is no flavor changing neutral currents at tree level, although in order to obtain realistic mass matrices, quarks and leptons must transform as singlets under S 3 . Two of the scalar doublets are fermiophobic and they are mass degenerate unless soft terms violating the S 3 symmetry are added. The third Higgs doublet which is singlet under S 3 , correspond to the standard model one in the sense that its mass and couplings to fermions and bosons are exactly the same of the SM at tree level.
I. INTRODUCTION
The resonance with mass of approximately 125 GeV that was discover at LHC is in agreement, within the experimental error, with the standard model (SM) Higgs field [1] .
Hence, it implies that all possible new physics scenarios have to include such scalar field.
The SM symmetry breaking is the simplest and economic but nothing prevent the model to have more scalars multiplets transforming in several representations of SU(2): more doublets, singlets and even triplets. All of then have already been considered in literature as extension of the SM. It means that the source of electroweak symmetry breaking may be more complicated than in the SM. Moreover, if there exist more scalar fields the SM Higgs couplings to fermion and gauge bosons are usually reduced. In fact, this case is still possible with the current LHC data, see for instance Ref. [2] .
Here we will show an extension of the SM with three Higgs doublets transforming under S 3 as a doublet (D)and a singlet (S) and having an appropriate vacuum alignment. An interesting feature of our model is that unlike other multi-Higgs models, in which the SMlike Higgs boson mixes with the others and this is why its coupling to fermion and gauge boson are reduced, this does not happens in the present model because of the S 3 symmetry and the vacuum alignment: the combination of the three doublets transforming as singlet under S 3 (S) is exactly the SM Higgs with all its couplings the same as in the SM with one Higgs doublet and it does not mix with the other SU(2) doublets. The latter ones are in a doublet of S 3 there is no mixing between them too. The difference of the singlet S and the SM Higgs doublet is that the former has trilinear and quartic interactions with the members of the doublet D.
On the other hand, it is well known, from experiments, that processes which change flavor through the effects of neutral currents are quite suppressed [3] . It is also well known, since the seminal paper of Glashow and Weinberg [4] , that the suppression of flavor changing neutral currents (FCNCs) is natural if it depends only on the symmetry and the representation content of the model. In general multi-Higgs models give rise to unwanted FCNCs.
Notwithstanding in these models it is possible to have natural flavor conservation if the fermion masses, of a given charge, are generated by a single source or, as in the standard electroweak model, a unique Higgs doublet generates all fermion masses. In order to obtain natural flavor conservation discrete Abelian symmetries like Z 2 [4] , continuous Abelian [5] , and non-Abelian continuos [6] or discrete [7] family symmetries are usually imposed or, to assume the alignment in flavor space of the Yukawa matrices in the so called A2HDM [8] .
In particular, the two-Higgs doublet models are the most considered in literature, see for instance Ref. [9] . Discrete symmetries have also been used to gain some predictivity in the flavor problem, usually to reproduce ansatze of mass matrix textures, and they origin may be related to more fundamental (new) physics [10] . However, in all these cases the goal was to explain the texture of the fermion mass matrices, for instance, for getting the so called tribimaximal mixing matrix in the leptonic sector [11] , in particular the S 3 symmetry was considered since many years ago [12] . Things become more complicated when there are more than two Higgs doublets. Thus, larger symmetries may be needed in order to simplify the analysis of the scalar potential which may be or not related to the fermion mass matrices.
Discrete symmetries for three-Higgs doublet model, without references to these matrices, were classified in Ref. [13] .
Here we will consider a three-Higgs doublet model (model A) in which the mass square matrices of all the scalar fields at the tree level have the same form and for this reason, they are diagonalized with the same unitary matrix, U, and there is mass degenerated states in the S 3 symmetry if it is not softly broken. The matrix U is, in some cases, of the tribimaximal type. This is a consequence of the representation content of the discrete symmetry, S 3 , imposed to the model, one doublet D and a singlet S as well an appropriate vacuum alignment, and it also implies that the model naturally suppresses FCNC mediated by neutral scalars in the quark and lepton sectors, if we extend the criterion for having natural flavor conservation to include an appropriate vacuum alignment with the minimum of the scalar potential being global and stable, at least at tree level. In a different version (model B) the mass square are matrices are all diagonal at tree level if the S 3 symmetry is not softly broken.
The outline of this paper is as follows. In Sec. II we give the most general scalar potential invariant under the gauge and S 3 symmetries. In Sec. III we consider in details the scalar sector of the model A (see below) when all VEVs are equal to each other, i.e., 
II. THREE HIGGS-SCALAR DOUBLET MODELS
The model is an extension of the electroweak standard model with three Higgs scalars, all SU(2) doublets having Y = +1 and the most general scalar potential invariant under SU(2) ⊗ U(1) Y ⊗ S 3 symmetry is given by:
, and
We have two possibilities to build the doublet D and the singlet S if the three scalar doublets are in the reducible triplet representation of S 3 , say, 3 = (H 1 , H 2 , H 3 ) where
This reducible representation is broken down to the irreducible singlet and doublet ones, i.e., 3 = 2 + 1 ≡ D + S, where:
We shall call this model A. On the other hand, the one of the SU(2) doublet, say H 1 , is a singlet of S 3 and the other two, say H 2 , H 3 transform as the irreducible doublet of S 3 :
Here, we shall call this model B.
Both sort of models have been already consider in literature. For instance, model A was considered in Ref. [15] . Model B was considered a long time ago [16] and more recently in Refs. [17] , and in a five-Higgs doublets supersymmetric model in [18] . All the previous articles have used the S 3 symmetry to addressed the texture of the fermion mass matrices.
However, here we shall give up this issue and concentrate on the extension of the standard model with three Higgs doublets, using the S 3 symmetry just to simplifying the analysis of the scalar sector and suppress flavor changing neutral currents at the tree level. Thus, fermions transform trivially under S 3 and the mass matrices are of the general form but there is no flavor violation mediated by neutral scalars. Models A and B seem very similar specially when we choose two vacuum alignment which apparently lead one model into another, since they could be related by a change of weak basis in the representation of S 3 [14] . However, they have different mass matrices and trilinear and quartic interactions are also different.
We make as usual, the decomposition of the symmetry eigenstates as H
, and assume, for the sake of the simplicity, all VEVs being real. The case when all VEVs are different from zero was considered in Ref. [15] and the general constraint equations for this case are given in the Appendix A. Here let us consider the case when v 1 = v 2 = v 3 = v, and the constraint equations in Eq. (A1) become
and t i = 0 implies µ
All scalar mass matrices has the form
where a n , b n > 0 (or a n , b n < 0 ) and n denotes the scalar sector: n = h, a, c for the scalar, pseudoscalar and charged scalar fields.
This matrix is diagonalized as follows:
n U T BM = diag(a n + 2b n , a n − b n , a n − b n ), hence a n − 2b n ≥ 0 and a n + b n ≥ 0, with
where we have denoted the eigenvectors by e 1 , e 2 , e 3 , and the matrices U and P in (6) are give by
In the case of CP-even neutral real scalars, we have 3a h = 2µ
, and the eigenvalues are the following:
where we have used v = v SM / √ 3. Denoting as h 0 i the mass eigenstates, we have η (6) . The scalar h 0 1 can be identified with the standard model Higgs scalar.
In the CP-odd neutral scalars sector, the mass matrix is given as in (5) but now with 3a a = 2µ
and in this case we obtain the following masses:
Denoting a 0 i the pseudo-scalar mass eigenstates, we have A 0 i = (U T BM ) ij a 0 j . Similarly in the charged scalars sector we use (5) with 6a c = 2µ
SM and in this case we obtain the following masses: 
The mass degeneracy is due to a residual symmetry as we will see below.
The µ 2 d parameter appears in Eqs. (8), (9) and (10) . This parameter may be > 0 or < 0, and since it is not protected by any symmetry, it may be larger than the electroweak scale.
On one hand, if µ 
where k = 2, 3 and we see that the would-be Goldstone bosons are all in the singlet S.
Notice that the doublet S = h 1 is the only source of fermion masses, thus there is no flavor violation at tree level (see Sec. V). This is independent of the way that fermions transform under S 3 , however as we will show below, in order to obtain realistic mass matrices at tree, fermions must transform as singlet under S 3 . Notice that in the unitary gauge h 
α is a mixing angle between the two neutral scalars and where tan β = v u /v d . In this case the SM Higgs is given by h SM = h 1 sin(α − β) − h 2 cos(α − β), and only if sin(α − β) = 1 it is identical with the SM [9] .
The potential in Eq. (1), which is written in terms of the SU(2) scalar doublets with their component being symmetry eigenstates in Eq. (2), can be written with SU(2) scalar doublet with their components being the mass eigenstates given in Eq. (11):
Notice from the scalar potential in Eq. (13) , that there is still a residual S 2 ≡ Z 2 symmetry: it is invariant under the exchange of the doublets h 2 ↔ h 3 . The mass degeneracy is due to this unbroken S 2 symmetry. That is described mathematically by the following operator
If the eigenvectors of the mass square matrix are also eigenvectors of E we can distinguish the three eigenvectors e 1 , e 2 , e 3 , with which the tribimaximal matrix in Eq. (6) is obtained, even if e 2 and e 3 are mass degenerated: Ee 2 = e 2 and Ee 3 = −e 3 .
We will show later on under which conditions the potential in Eq. (1) under radiative corrections will be studied elsewhere.
The residual S 2 symmetry can be broken, if necessary, to avoid the mass degeneracy and also the domain wall problem, and this can be done by quantum corrections and/or by soft terms in the scalar potential. As an illustration, here we break the S 2 symmetry by adding the following quadratic terms µ 2 nm H † n H m , n, m = 2, 3 to the scalar potential in (1). The mass matrices in all the scalar sectors are now of the form
where µ 2 nm are naturally small and real for the sake of simplicity (however see below). Although even when µ 6), and the eigenvalues are now (2a n + b n , a n − b n , a n − b n + µ 2 )
and we still have S = h 1 and D = −(h 2 , h 3 ), as in the previous case, and there is no FCNC and two of the doublets are inert too.
After the discussion above, it seems reasonable to include the vacuum alignment as part of the mechanism of natural flavor conservation. Independently of the neutral current issue, the model also implement inert scalar doublets: h 2 and h 3 do not couple to matter and do not acquire vacuum expectation value, they only have electroweak, trilinear and quartic interactions [20, 21] . In this case, is the lightest scalar is the neutral ones and fermiophobic, they are stable and good candidates for dark matter [22] .
As we discussed in Sec. II, another representation content of the three Higgs doublets that has been considered in literature is that in Eq. (3) (8) - (10), but due to the difference in the interactions, quantum corrections must be different in both models. The mass eigenstates doublets of SU(2) are denoted, as before, by h 1,2,3 .
In this case the scalar potential in terms of the mass eigenstates is given also in Eq. (13) 
where n = h, a, c, for scalar, pseudoscalar and charged scalar field, respectively. The mixing now is only in the fermiophobic sector and the masses square arē
The mass matrices of the form in (16) are diagonalized by the orthogonal matrix
and the mixing between h 2 and h 3 sector is maximal. Notice that there are still mass degeneracy between CP -even ad CP -odd scalars.
Thus, in terms of the mass eigenstate fields, the scalar doublets of SU(2) are written as
, where h i ar the SU(2) doublets written in terms of the mass eigenstate fields. Explicitly
V. THE YUKAWA SECTOR
If in the lepton and quark sectors all fields transform, in both models, as singlet under S 3 , and for this reason they only interact with the singlet S as following:
As we said before, the fermion masses arise only through the VEV of the singlet S which is the only linear combination with a non-zero VEV, see Eqs. (11) or (19) . Hence, there is no FCNC in the lepton and quark sectors because there is just one source of the fermion masses which are given by
and where v SM = 246 GeV.
The neutral interactions are ( for this reason the choice that all fermions transform as singlets under S 3 is to guarantee realistic mass and mixing matrices. Moreover, this choice implies that the triplet of the scalar reducible triplets has to be broken into the doublet and singlet.
VI. ANALYSIS OF THE SCALAR POTENTIAL
In order to have a potential bounded from below we consider only the quartic terms in Eq. (13) by defining as in [23] :
it is possible now rewrite the quartic terms in the scalar potential given in Eq. (13) as follows:
The constrains on the parameters λ i such that the potential with the assumed vacuum alignment is bounded from below, are given by:
Notice that although this is a scalar potential with three Higgs scalars doublets under SU(2) it is as simple as the two doublet case in Ref. [23] .
VII. CONCLUSIONS
In general, multi-Higgs doublet models have complicated scalar potentials. In particular, if the Higgs sector also has, like the fermion sectors, three generations, we should expect the existence of extra symmetries to make simple the interactions and mass spectra in the scalar sectors. The symmetry, if any, would be discrete for not to have extra Goldstone bosons. In literature, this sort of models has been consider to get a given texture of the fermion mass matrix. However, the main concern in this paper is to use the S 3 symmetry to have three-Higgs doublet models in which the scalar mass spectra and the mixing among scalar fields are simple, despite the three Higgs doublets, and the models remain closer to the standard model than a three-Higgs doublets without S 3 symmetry. Moreover, like multiHiggs models with no flavor changing neutral currents mediated by neutral scalars, the only mixing parameters appearing in the Yukawa interactions are the CKM and PMNS angles and phases.
We have presented two models in which the three scalar doublets of SU(2) transform in different ways under the irreducible representations of S 3 which have two fermiophobic doublets. The main difference between both models is that in model B all mass matrices are diagonal and there is no mixing in these sectors. When the soft terms are added, in model B unlike the model A there is now mixing between the inert doublets. Hence, in the former model there is at least one extra mixing angle. The cases considered here is that of maximal mixing. In both models, as in the two-doublet model [8] , there is also an alignment of the Yukawa matrices, but in model A this is achieved even without using a global SU (2) transformation in order to define a basis in which only one of the doublet gain a nonzero VEVs are complex, we should expect that v 1 e iθ 1 = v 2 e iθ 2 = v 3 e iθ 3 = V e iΘ was a stable minimum of the scalar potential. However assume that this is the case the phase Θ, which appears only in the singlet S, can be transformed away with a global U(1) transformation as it happens in the standard model. Thus, in the situation there is no spontaneous CP violation through the VEVs. However, it is still possible to have soft CP violation through the quadratic non-diagonal term in the scalar potential µ 2 h † 2 h 3 assuming that µ 2 is complex, as in Ref. [25] . Note that the λ 6 term has a form λ 6 ([
2 , assuming a global phase rotation S → Se ia S and D → De ia D , and considering that the content of the theory cannot change by this global phases we have that λ 6 = |λ 6 |e iα , is possible we chose a S − a D = α/2 + π/2, so, is possible that λ 6 = −|λ 6 |, and we have the same analyses for λ 8 . It is interesting that there are dark matter candidates in this model but this deserve a detailed study [24] . Finally, we would like to mention that depending on the masses of the dark scalars the SM-like neutral scalar may have invisible decays [26] .
We would like to stress that the existence of two fermiophobic doublets, the tribimaximal mixing in model A and no mixing at all in model B, and the flavor conservation in the neutral currents mediated by scalars are consequences of three ingredients: i) the S 3 symmetry, ii)
with the representation content of the fermion and scalar multiplets, and, iii) the vacuum alignment. For instance, a three Higgs doublet model without any additional symmetry but with the same vacuum alignment does not have the features above. 
